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Abstract

Objectives: The aim of this study was to evaluate the psychometric properties of the Pain
Catastrophizing Scale (PCS) in patients with carpometacarpal osteoarthritis of the thumb.
Methods: In this cross-sectional register-based study of 253 patients with carpometacarpal
osteoarthritis of the thumb, a two-parameter item response theory analysis was used to
evaluate the items’ difficulty and discrimination parameters. Results: Of 253 patients, 245
(57%) were women. The mean age was 56.0 (SD 16.5) years. The mean total PCS score
was 14.0 (SD 10.5) points. Difficulty estimates were distributed fairly evenly across the
item score scale, with a slight shift towards higher scores. Discrimination of both total
and subscale scores was perfect, varying from 1.91 to 2.84. Conclusions: PCS was able
to discriminate well between different levels of catastrophizing. PCS performed slightly
more accurately when the catastrophizing level was above average in the studied sample.
PCS can be recommended for clinical use when assessing catastrophizing in patients with
carpometacarpal osteoarthritis of the thumb.

Keywords: catastrophizing; carpometacarpal joint; osteoarthritis; psychometrics; pain
management

1. Introduction

Carpometacarpal osteoarthritis of the thumb (CMC OA) is a common degenerative
condition causing pain and disability [1]. The thumb CMC joint enables the grasp and
pinch strength, and because these weaken in CMC OA, the function of the entire hand
is impaired [2]. This can lead to a decrease in work and functional capacity, causing
psychological strain. In osteoarthritis, the nature and intensity of pain can vary over time,
and this unpredictability increases the burden associated with pain [3]. In CMC OA, the
treatment outcome and pain perception may be affected by psychological factors such as
depression, anxiety, and pain catastrophizing [4-7]. Pain catastrophizing is defined as a
negative attitude toward experienced or anticipated pain. The Pain Catastrophizing Scale
(PCS) is a widely used patient-reported outcome measure (PROM) developed by Sullivan
et al. in 1995 to assess the level of pain catastrophizing in diverse situations. The PCS
contains 13 items divided into three interrelated domains: rumination, magnification, and

J. Clin. Med. 2026, 15, 2835

https:/ /doi.org/10.3390/jcm15082835


https://crossmark.crossref.org/dialog?doi=10.3390/jcm15082835&domain=pdf&date_stamp=2026-04-09
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0009-0008-1114-8621
https://orcid.org/0000-0003-1269-4743
https://doi.org/10.3390/jcm15082835

J. Clin. Med. 2026, 15, 2835

20f11

helplessness [8]. The PCS produces a total score and three subscale scores. In classical
test theory, the PCS has been studied in diverse musculoskeletal pain conditions [9-15].
In a meta-analysis, the PCS has been shown to have good test-retest reliability and good
internal consistency for both the total score and the subscales [16]. The reported factor
structure of the PCS has varied from one to three factors [8,17,18]. Mixed results have been
reported regarding the floor and ceiling effects of the PCS [9,11,12,14,19,20].

Item response theory (IRT) and Rasch analysis are used to assess the effect of the latent
factor, here pain catastrophizing, on how the subject responds to a PROM and how well
individual items are able to discriminate the level of this latent factor. The psychometric
properties of the PCS have previously been evaluated using IRT in chronic pain [21,22],
musculoskeletal pain [23,24], low back pain [25-27], carpal tunnel syndrome [28], and
work-related pain conditions [29]. In these studies, PCS has been found to be suitable
for clinical use in the assessment of pain catastrophizing. A shift towards higher scores
has been found in low back pain [26] and carpal tunnel syndrome [28]. Differential item
functioning (DIF) has been assessed in a few studies [22,27,29]. DIF was not observed in
work-related pain conditions [29] or in low back pain [27]. In chronic pain, DIF by sex
has been observed for two items [22]. The Rasch analysis has been used in CMC OA in
one study that assessed the construct validity of the Measure of Activity Performance of
the Hand [30]. To our knowledge, the psychometric properties of the PCS have not been
investigated using IRT in CMC OA. Such an assessment is needed before the PCS can be
recommended for clinical use in this particular health condition. The aim of this study was
to evaluate the psychometric properties of the PCS in CMC OA using IRT.

2. Methods

This was a cross-sectional register-based study. The study sample was derived from
a register kept by the Wellbeing Services County of Southwest Finland. The ethics of the
study have been approved by the research department of Wellbeing Services County of
Southwest Finland (2024-11208-TL). According to Finnish law, retrospective register-based
research does not require an explicit informed consent from a participant. The data were
provided to the research group in an anonymous form without any individually identifiable
information. Before each visit to the hand surgery unit of a university hospital, patients
received a survey link through which they answered questions regarding demographic
information, pain, and functioning. The registry contains data on 14,095 patients. Of these,
350 had a diagnosis of CMC OA (M18.0) as a main diagnosis. Of them, 253 (72%) responded
to the PCS questionnaire between 25 April 2019 and 15 May 2024. The methods used for
these register data have also been described somewhere else [28].

All patients who responded to the PCS questions during this period were included
in the analysis. The registry data did not allow for the possibility of controlling for the
characteristics of patients who did not respond to the questionnaire compared to those who
did respond. The number of variables available from the registry data was limited, and
there was no information to analyze regarding the respondents’ possible comorbidities,
for example, possible inflammatory joint disease, pain duration, or previous surgical
intervention in the affected limb. Also, bilateral symptoms could not be distinguished
from unilateral ones based on the available register data. Radiographic examinations
were usually performed before the patient was referred from primary care to a specialist
outpatient clinic. Therefore, radiographic findings were not part of the registry in question.

Sex was defined as women vs. men. Dominant hand was defined as right, left, or
ambidextrous. Age was defined in full years at the time of response. Body mass index
(BMI) was defined as weight divided by height squared (kg/ m?).
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The QuickDASH questionnaire was used to evaluate the limitations in different every-
day activities caused by the symptoms in the upper extremity. The QuickDASH contains
11 items assessed on a Likert-like scale from one (no limitation) to five (most severe limi-
tation). The total score was calculated as ([(sum of n responses)/n] — 1) x 25, where “n”
is the number of completed responses. The QuickDASH score was considered missing if
there was more than one missing item response. The total score of QuickDASH ranges
from 0 (no disability) to 100 (most severe disability). QuickDASH was included mainly to
describe the sample from a slightly different perspective of functioning.

The PCS assesses the tendency to magnify the treat value of the pain stimulus and to
feel helpless because of pain. The scale consists of 13 items graded on a Likert-like scale
from zero (not at all) to four (all the time). Additionally, for a total composite score, the
PCS produces scores for its three subscales: rumination, magnification, and helplessness.
The sub-scores are the sums of responses to items 8, 9, 10, and 11 (rumination); 6, 7, and
13 (magnification); and 1, 2, 3, 4, 5, and 12 (helplessness), respectively. The overall score is
the sum of all 13 item scores ranging from 0 to 52 points, with higher scores indicating a
greater degree of pain catastrophizing. A total score of >30 points is usually considered a
clinically significant level of pain catastrophizing.

Statistical Analyses

Two-parameter IRT analysis was applied. “Difficulty” describes the perceived severity
of catastrophizing needed to obtain a particular score. In other words, the difficulty param-
eter answers the question “how difficult must a respondent experience pain catastrophizing
before he or she ticks a certain answer option?”. Ideally, a respondent will tick the option in
the middle of the scale when the level of catastrophizing corresponds to the average level
of the studied data. If so, then the difficulty estimates of the IRT analysis carry a minus sign
when the perceived severity of catastrophizing is milder than the average and a plus sign
when the respondent experiences worse catastrophizing compared to the sample average.
In addition, in this ideal situation, the difficulty estimates are distributed evenly across the
scale so that each step up or down on the scale represents approximately equal differences
in the difficulty of the question. This uniformity is also expected to be seen graphically. The
power calculation was not conducted, as it is less critical when the goal is to describe the
entire population (here, the entire set of patients is referred to a unit because of CMC OA.

“Discrimination” is the ability of PCS to differentiate people with different levels or
measurable entities (here, the level of catastrophizing). Discrimination answers the question:
“in which range of catastrophizing severity is the PCS best able to distinguish the level of
catastrophizing of respondents?”. Discrimination is the steepness of the regression curve.
In plain words, in an ideal situation, the PCS’s discrimination ability should be close to the
average level of catastrophizing of the sample. Graphically, we hope to see the steepest part
of the curve around the zero value of the X-axis (the average level of the sample). If this is
the case, then the PCS is able to distinguish respondents whose catastrophizing severity
is slightly milder or slightly more severe than the average level, and the test can then be
used, for example, as a screening tool. Discrimination of 0.01-0.24 was considered “none”
(a totally level regression curve), 0.25-0.64 was considered “low,” 0.65-1.34 was considered
“moderate,” 1.35-1.69 was considered “high,” and a discrimination >1.7 was considered
“perfect” (a regression curve approaching a vertical line) [31].

Difficulty and discrimination estimates were presented both numerically (accompa-
nied by their 95% ClIs) and graphically. The accuracy of the information obtained from
the responses to different items was examined through item information functions. Item
information function curves were constructed and analyzed graphically. All the analyses
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were conducted using Stata/IC Statistical Software: Release 18, College Station, (StataCorp
LP, College Station, TX, USA).

3. Results

The PCS was completed by 253 respondents (Table 1). Of these, 108 (43%) were men
and 145 (57%) were women. The mean age was 56.0 (SD 16.5) years. The mean total PCS
score was 14.0 (SD 10.5) points. The mean subscale scores were 5.0 (SD 3.8) points for
rumination, 3.0 (SD 2.5) points for magnification, and 6.0 (SD 5.0) points for helplessness,
respectively. Clinically significant catastrophizing (PCS score > 30 points) was present in
20 (8%) patients.

Table 1. Descriptive characteristics of sample—n (%) or mean (standard deviation).

Characteristic Summary

n 253
Sex

Men 108 (43%)

Women 145 (57%)
Dominant hand

Right 116 (94%)

Left 6 (5%)

Ambidextrous 2 (2%)
Age, years 56 (16.5)
Body mass index, kg/m? 28 (5.6)
QuickDASH, points 38 (22.6)
Presence of clinically significant catastrophising ?

No 233 (92%)

Yes 20 (8%)
PCS

Total score 14 (10.5)

Rumination 5(3.8)

Magnification 3(2.5)

Helplessness 6 (5.0)

3 PCS score <30 vs. >30 points.

3.1. Difficulty Parameter

As can be seen in Table 2, for all 13 items, the same phenomenon was observed—
estimates with a minus sign appear at the very bottom of the scale, if at all (there was no
minus sign at all for items #4 and #5). This suggests that respondents underestimate the
severity of their catastrophizing. Respondents ticked the lower options on the scale even
when the level of their catastrophizing was higher than the sample mean. However, this
tendency was relatively mild for most items. As Figure 1 shows, the distribution of the
level of catastrophizing across the scale was not entirely even. For all items, it was seen
that the distance between the values “2” and “3” in the middle of the scale was slightly
narrower (smaller) compared to the other answer options.
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Table 2. Item response theory analysis—difficulty parameter of PCS items.

PCSItem  Coefficient 95% CI PCSItem  Coefficient 95% CI
Item #1 I worry all the whether the pain will end Item #8 I anxiously want the pain to go away
1vs. 0 —0.72 —0.90 —0.54 1vs. 0 —1.01 —1.20 —0.82
2vs. 1 0.34 0.18 0.51 2vs. 1 0.05 —0.11 0.22
3vs. 2 0.99 0.80 1.18 3vs. 2 0.70 0.52 0.88
4vs. 3 1.97 1.69 2.25 4vs. 3 1.68 1.42 1.94

Item #2 I feel I can’t go on Item #9 I can’t seem to keep it out of my mind

1vs. 0 —0.36 —0.53 —0.20 1vs. 0 —0.49 —0.66 —0.32
2vs. 1 0.70 0.52 0.88 2vs. 1 0.57 0.40 0.75
3vs. 2 1.35 1.14 1.56 3vs. 2 1.23 1.02 1.43
4vs. 3 2.33 2.02 2.63 4vs. 3 2.20 1.91 2.50

Item #3 It’s terrible and I think it’s never going to get Ttem #10 T keep thinking about how much it hurts

any better

1vs. 0 —0.22 —0.38 —0.05 1vs. 0 —0.15 —0.32 0.01
2vs. 1 0.84 0.66 1.03 2vs. 1 0.91 0.72 1.10
3vs. 2 1.49 1.27 1.72 3vs. 2 1.56 1.33 1.79
4vs. 3 2.47 2.15 2.79 4vs. 3 2.54 2.22 2.86

Item #11 I keep thinking about how badly I want the

Item #4 It’s awful and I feel it over whelms me :
pain to stop

1vs. 0 0.06 —0.11 0.22 1vs. 0 —0.66 —0.84 —0.49
2vs. 1 1.12 0.92 1.32 2vs. 1 0.40 0.24 0.57
3vs. 2 1.77 1.52 2.01 3vs. 2 1.05 0.86 1.25
4vs. 3 2.75 2.40 3.09 4vs. 3 2.03 1.75 2.31
Ttem #5 T feel I can’t stand it anymore Item #12 There’s nothir:)gf; ,f hc:r}; :ilc?1 to reduce the intensity
1vs. 0 0.03 —0.14 0.19 1vs. 0 —0.39 —0.56 —0.22
2vs. 1 1.09 0.89 1.29 2vs. 1 0.67 0.50 0.85
3vs. 2 1.74 1.50 1.98 3vs. 2 1.33 1.11 1.54
4vs. 3 2.72 2.38 3.05 4vs. 3 2.30 2.00 2.61

Item #6 I become afraid that the pain will get worse ftem #13 [ wonder whether something serious might

happen

1vs. 0 —0.45 —0.62 —0.28 1vs. 0 —0.20 —0.37 —0.04
2vs. 1 0.61 0.44 0.79 2vs. 1 0.86 0.67 1.04
3vs. 2 1.26 1.06 1.47 3vs. 2 1.51 1.29 1.74
4vs.3 2.24 1.94 2.54 4vs.3 2.49 2.17 2.81

Item #7 I keep thinking of other painful events
1vs. 0 0.44 0.26 0.61
2vs. 1 1.50 1.27 1.73
3vs. 2 2.15 1.87 243
4vs.3 3.13 2.75 3.50
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Figure 1. Item response theory analysis—item characteristic curves for all PCS items.

3.2. Discrimination Parameter

The discrimination of both the PCS total and subscale scores was perfect (Table 3).
The discrimination of the PCS total score was 1.99 (95% CI 1.76-2.21). The discrimination
of the subscales was 2.84 (95% CI 2.41-3.27) for rumination, 1.91 (95% CI 1.55-2.28) for
magnification, and 2.11 (95% CI 1.82-2.39) for helplessness. The test characteristic curves
for the PCS total score and subscale scores were steepest at slightly higher than average

levels of pain catastrophizing (Figure 2).
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Table 3. Item response theory analysis—discrimination parameter of PCS and its subscales.

Discrim Coefficient 95% CI
Rumination 2.84 241 3.27
Magnification 1.91 1.55 2.28
Helplessness 2.11 1.82 2.39
Total score 1.99 1.76 2.21
PCS test characteristic curve (Total score) PCS test characteristic curve (Rumination)
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Figure 2. Item response theory analysis—test characteristic curves for PCS total score and subscales.

3.3. Item Information Function

As can be seen in Figure 3, the item information function curves were almost identical
for all items. All curves were shifted to the right from the zero point on the X-axis (the mean
level of catastrophizing severity for this sample). This means that the information obtained
from the item responses was more reliable (less variable) when the level of catastrophizing
was higher compared to the sample mean.

Item information functions for Items #1-#13

2.5

o N

Information - inverse variance

0
T T T T T
-4 0 4
Level of catastrophising

tem#1  ——-—-- Item #2
"""""" Item #3 — — - ltem#4
——— ltem#5 = === ltem#6

tem#7 - ---- Item #8

Item #9 = = = ltem#10
—--— ltem#11 = = - ltem#12
— — ltem#13

Figure 3. Item information function for all PCS items.
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4. Discussion

It has been previously reported that psychological factors, such as pain catastrophizing,
can affect treatment outcomes and pain experience in CMC OA [4-7]. In this study, a two-
parameter IRT analysis was used to evaluate the properties of the PCS amongst 253 patients
with CMC OA. Overall, the PCS seemed to work quite well in the studied sample. However,
some deviations in its operation were observed. The ability to obtain reliable information
from the answers to the PCS questions was found to be slightly above the average level of
catastrophizing. The information obtained from the item responses was more reliable (less
variable) when the level of catastrophizing was higher compared to the sample mean. A
shift in the discrimination parameter to the right (high difficulty) means that the answer
to the item is relatively difficult. This means that people with a high level of latent trait
(here, catastrophizing) in particular have a high probability of answering correctly. The
clinician can expect to gain a somewhat clearer understanding of the patient’s level of
catastrophizing when the patient experiences more severe than average catastrophizing.
For an individual patient, these deviations were quite mild, and their impact on the clinical
use of the PCS is probably minor. And they may not usually be taken into account in routine
use. Examination of the item difficulty parameter showed a slight underestimation by the
respondents of their level of catastrophizing. In addition, the distribution of the response
options on the item scale according to difficulty was slightly uneven. This unevenness,
which is shown in Figure 2, may require modification of the PCS scoring system, but only
if the need is to obtain a particularly accurate picture of the level of catastrophizing, for
example, in the context of scientific research. Changing the established scoring formula
always leads to an increase in the threshold for using the test and difficulties in terms of
the comparability of results. This unevenness was so mild that there is no reason to adapt
the commonly accepted scoring system to it in routine clinical use. The discrimination
estimates suggested that the PCS works best when the level of catastrophizing is slightly
above the average level. In other words, the PCS is particularly accurate in distinguishing
respondents who have clearly more severe catastrophizing from those who have slightly
more severe catastrophizing relative to the population average. In the range of milder
levels of catastrophizing, the measure is less accurate.

The properties of the PCS have not been previously assessed amongst patients with
CMC OA. Thus, the present results cannot be directly compared to previous knowledge.
On the other hand, the properties of the PCS have been previously investigated using IRT
analysis in several other, but different, chronic pain conditions [22-29]. The present results
were in line with the reports on the properties of PCS in other disorders than CMC OA. A
shift towards higher scores has also been observed before amongst patients with low back
pain [26] and in carpal tunnel syndrome [28].

The generalizability of the results of this study could be weakened by several factors.
The data have been collected in a single university hand surgery unit. The symptoms
and level of catastrophizing of patients with CMC OA referred to a highly specialized
unit are likely to be more severe than in primary care. This was a register-based study
without access to missing data. Therefore, as is common in register-based research, the
effect of unmeasured confounding factors, such as medication and comorbidities, might
have affected the results. It is possible that unknown comorbidities, previous surgeries
in the limb in question, or unilateral or bilateral symptomatology may have influenced
the results. However, this is unlikely, as the focus of the study was the psychometric
properties of the questionnaire and not the level of catastrophizing in the sample studied.
Also, the inability to assess missing data could have been a source of systematic bias.
And this risk must be taken into account when drawing conclusions from these results.
Furthermore, unlike classical test theory (where the difficulty of a question depends on the
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individual characteristics of the respondent), one of the strengths of IRT is its invariance.
The parameters of a question can, therefore, be estimated from any point on the response
curve of a question. This allows for the comparability of responses, even if the respondents
belong to different groups or have answered different sets of questions. In the case of
IRT, the characteristics of the test are not “trapped” in a specific sample group or set of
questions. In other words, even if the level of catastrophizing was affected by unknown
covariates, this difference in level does not affect the results of the IRT analysis. Of course,
the group of respondents should have some clear categorizing common characteristic—in
this case, the patients have had CMC OA—and this was the main reason for answering the
questionnaire. The invariance of IRT corresponds in principle to the invariance of the Rasch
analysis. The sample was predominated by woman, which was expected since CMC OA is
more common in women [1]. In one study amongst patients with chronic pain, DIF by sex
was found for two items [22]. However, no DIF has been observed in work-related pain
conditions [29] or in people with chronic low back pain [27]. The sample included patients
of a relatively limited age group of <60 years, and the severity of disability (measured
by using QuickDASH) was relatively mild. The prevalence of CMC OA increases with
age [1]. It is possible that the results could differ if the PCS was applied to an older age
group, where OA and other diseases causing disability are more common. The limitations
in upper-limb functioning may be more likely to increase catastrophizing if the lifestyle is
already sedentary due to older age and retirement. On the other hand, in a working-age
population, the possible decrease in ability to work caused by CMC OA might increase
financial problems and, in this way, worsen catastrophizing.

Further research on the psychometric properties of the PCS may be useful. Since
DIF has only been mentioned in a few studies of the PCS, further investigation could
provide more information on whether different factors, such as sex or age, affect pain
catastrophizing in patients with CMC OA. DIF analysis is such a broad topic (if we take into
account several categorizing factors) that it deserves its own separate study. The results of
this study should be replicated in different settings as well.

5. Conclusions

The PCS was able to discriminate well between different levels of catastrophizing. PCS
performed slightly more accurately when the catastrophizing level was above average in the
studied sample. PCS can be recommended for clinical use when assessing catastrophizing
in patients with carpometacarpal osteoarthritis of the thumb.
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